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A .  CONTRACT GOALS AND OBJECTIVES 
. '. 

The o b j e c t i v e  o f  t h i s  c o n t r a c t  i s  t o  i n v e s t i g a t e  h igh  r i s k - h i g h  payo f f  research 
. . . , 

areas on advanced processing techniques . f o r  non-CZ s i l i c o n  sheet m a t e r i a l  t h a t  

. .  . i n d i  =a te  o f  improving c o s t  e f fec t i veness  o f  b h o t o v o l t a i c  module produc- 

t i o n .   he: s p e c i f i c  goals a r e  as . fo l lows:  . . .  
, . . . 

. . 

. . \ 
. . 

1. ~ i m u l  taneous ~i f f u s i o n  o f  ~ r o n t  and ~ a c k '  Junct ions . . 
. . .: 

I n  t h i s  p a r t  o f  t he  program, t h e  s.imu1 taneous d i f f u s i o n  o f  1 i q u i d .  boron and 

1 i q u i d  phosphorus metal l o r g a n i c  precursors* i n t o  N-type' dendr i  t i c  s i l  i c o n  web 

i s  be.ing in.vest igated..  . The d i f fus ion: .  parameters requ i red  t o  achieve t h e  de- 
+ + 

s.i red  P NN. c e l l  s t r u c t u r e  wi.11. be. determined, and: t he  r e s u l t a n t  c e l l  proper-  

t i e s .  w i l l  be compa,red . to ce1:l s produced i n .  a sequent ia l !  d i f f u s i o n  .process; 

I n  a d d i t i o n  t o  a standard tube d i f f us ion  furnace, a s e r i e s . o f  experiments w i l l  

.. . be c a r r i e d  o u t  i n  a be1 t furnace; The parameters o f  ce.11 s produced w i t h  be1 t 

furnace d i f f u s i o n  w i l l  be compared . w i t h  . the  parameters of  base1 i n e  d i f f u s e d  c e l l s .  

2.. Process Contro l  Parameters and S e n s i t i v i t i e s  

du,ri'ng the  program, t h e  c o n t r o l  o f  the  process w i l l  be. analyzed'; 

and . t h e  sensi t j v i  ty o f  c e l l  parameters t o  v a r i a t i o n s  i n  these c o n t r o l  parameters 

w i l l  be determined. ' ~ rocess '  c o n t r o l  parameters t o  be s tud ied  a re  d i f f u s i o n  . . 
t ime and temperature; ambient gasses and f l o w  ra tes ;  1 i q u i d . d i f f u s a n t  source 

th ickness and pre-bake cond i t ions ;  and i n i t i a l  s i l i c o n  m a t e r i a l  base r e s i s t i v i t y .  

. . * 
3. Cost Ana lys is  , 

, " 

A cos t ,  ana lys is  w i l l  be performed on the  simultaneous j u n c t i o n  formation 
, . 

process us ing  SAMICS- IPEG methodology. The r e s u l t s  w i l l .  be compared t o  a 

sequent ia l  d i f f u s i o n  process. 

*For b r e v i t y ,  these l i q u i d s  w i l l  be r e f e r r e d  t o  as l i q u i d  phosphorus and l i q u i d  
boron dopants . 



. . 
B.  SUMMARY I 
Th is  r e p o r t  descr ibes work performed on JPL Contract  956616, "Process Research 

on Non-CZ S i l i c o n  M a t e r i a l "  du r ing  A p r i l  1 through June 30, 1981. Thc program 

i s  designed t o  i n v e s t i g a t e  t h e  f a b r i c a t i o n  of s o l a r  c e l l s  on N-type base m a t e r i a l  
+ +  

by a simultaneous d i f f u s i o n  of  N-type and P-type dopants t o  form an P NN s t r u c -  

t u r e .  The r e s u l t s  o f  simultaneous d i f f u s i o n  experiments are  being compared 

t o  c e l l s  f a b r i c a t e d  us ing  sequent ia l  d i f f u s i o n  o f  dopants i n t o  N-base m a t e r i a l  

i n  the  same r e s i s t i v i t y  range. 

+ + 
The process used f o r  t h e  f a b r i c a t i o n  of  t he  s imul taneously d i f f u s e d  P NN 

. I 
c e l l s  f o l l o w s  t h e  standard Westinghouse base l ine  sequence f o r  P-base ma te r ia l  I 
except t h a t  t h e  two d i f f u s i o n  processes (boron and phosphorus) a re  replaced I 
by a s i n g l e  d i f f u s i o n  step. 

A l l  experiments a r e  c a r r i e d  o u t ' o n  N-type d e n d r i t i c  web grown i n  the  Westinghouse 

p r e - p i l o t  f a c i l i t y .  The r e s i s t i v i t i e s  vary from 0.5 ncm t o  5 ncm. 

> 
The dopant sources used f o r  both the  simultaneous 'and s e q u e n t i a l ' d i f f u s i o n  . . 
experiments are.commercia1 me ta l l o rgan ic  s o l u t i o n s  w i t h  phosphorus o r  boron I 
componcnts*. A f t e r  thcsc l i q u i d s  are app l i ed  t o  the  web sur face,  they are 
baked t o  form a hard g lass which a c t s  as a d i f f u s i o n  source a t  e leva ted tempera- 

tu res .  I 
I n  experiments performed thus f a r ,  c e l l s  produced i n  sequent ia l  d i f f u s i o n  t e s t s  I + + 
have p r d p e r t i e s  e s s e n t i a l l y  equal t o  t he  base1 i n e  N PP c e l l s .  However, the  

simultaneous d i f f us ions  have produced c e l l s  w i t h  much lower I V  c h a r a c t e r i s t i c s  

main ly  due t o  cross-doping o f  the  souvces a t  the  d i f f u s i o n  temperature. 

*These sources have been obta ined from the  fo l l ow ing  vendors: 
I ' 

A l l i e d  Chemical Co. 
D i f f u s i o n  Technology, I nc .  
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. .. 
C . .  TECHNICAL PROGRESS 

. . . . . .. , 
1.  ~ i m u l  taneous D i f f u s i o n  

a .  
. .  . ,  

. . 

The process sequence used i n  the  d i f f u s i o n  experiments conducted i n  t h i s  pro-  

gram i s  shown i n  Table 1. 

Du r ing  t h e  f i r s t  s i x  months of t he  con t rac t ,  d i f f u s i o n  parameters were i n v e s t i -  

gated t o  achieve t h e  proper  f r o n t  and back j u n c t i o n  depths. 

D i f f u s i o n  t imes from 18-25 minutes a t  940°C-960°C i n  1000 cc/min of N2 produced 

P+N j u n c t i o n  depths from 0.2-0.3 em and N'N j u n c t i o n  depths of '0.4-0.8 pm. 

Spreading r e s i s t a n c e  curves (F igures 1  and 2 o f  2nd Q u a r t e r l y  Report)  were ob- 

t a i n e d  t o  determine t h e  j u n c t i o n  depth and j u n c t i o n  grad ien t .  

As 'has been repo r ted  p r e v i o u s l y  , these experiments produced c e l l  s  w i t h  general l y  

l ow  e f f i c i e n c y  (1  -4%) w i t h  an occasional  11% c e l l .  

Using var ious  d iagnos t i c  techniques, i t  was determined t h a t  the  c e l l s  had a  
2 low shunt r e s i s t a n c e  ( g e n e r a l l y  l e s s  than 100 ncm ) and small areas o f  N-type 

+ t 
m a t e r i a l  on the  P d i f f u s e d  s l r r f a c ~ .  T h a t  i s ,  the  P surface was bc ing  con 

taminated w i t h  the  N-type d i f f usan t  (phosphorus). 

A t e n t a t i v e  modei e x p l a i n i n g  the r ~ s 1 1 1 t ~ s  nf t h e  simultaneous d i f f u s i o n  c x p c r i -  

ments i s  t h a t  t he  phosphorus species d i f f u s e  bo th  i n t o  the  s i l i c o n  forming the  
+ 

N N back j u n c t i o n  and,outward th rough . the  g lass  d i f f u s i o n  mask. These phos- 

phorus species then migra te  as a  gas o r  a long ' the sur face of  t he  web and d i f -  

f use  i n t o  t h e  f r o n t  surface o f  t he  c e l l .  Th is  excess phosphorus concen t ra t i on  

at .  t he  surface and i n t o  the  s i l i c o n  prevents the  boron from compensating the  
t 

web a.nd forming t h e  P N  j u n c t i o n .  

Various glasses were tes ted  f o r  use as d i f f u s i o n  masks w i t h  the  same r e s u l t s  

as g iven above; t h a t  i s ,  f r o n t  sur face contaminat ion.  



TABLE 1 
<. 

1 .  re-diffusion clean web, s t r i p s  per base1 i ne  sequence. 
. . 

. . . . 

2. us ing a P-type 1 i q u i d  metal lo rgan ic    recurs or, p a i n t  dopant o n  

defined sunside of the web. . . 
. . . . 

3. . Dry anh bake' per '  vendor ins t ruc t ions .  

4. 'using a N-type l i q u i d  metal lorganic precursor, pai  n t  dopant on 
. ?  

backside o f  web. 

5 .  Dry and bake per vendor ins t ruc t ions . ,  

6. ~ i f f u s ;  a t  predetermined temperature, time,, and gas ambients. 

(Optimum temperature, time, and gas ambients t o  be determined.) 



An SiO precursor  r e c e n t l y  became a v a i l a b l e  which requ i red  baking a t  h igher  
2  

temperature (400°C f o r  30-40 minutes) b u t  which was . repor ted t o  form an imper- 

v ious  glass*. Experiments w i t h  t h i s  m a t e r i a l  cons is ted  o f  coa t i ng  the  two s ides 
' 

o f  t h e  c e l l  b lank w i t h  the  boron and phosphorus dopants and baking t o  remove 

t h e  excess so l ven t .  The NP-5R Si02 s o l u t i o n  was then app l i ed  w i t h  a  sponge- 

squeegee and baked a t  400°C f o r  40 minutes. The f i r s t  two experiments i n  t h i ' s  

s e r i e s  showed t h e  contaminat ion e f fec t  noted p rev ious l y .  

. . .  . .  : . .  . ,  
I n  a  f u r t h e r  -experiment,  ' a  second l a y e r  o f  NP-5R bas app l i ed  over t h e  f i r s t  i n  

an at tempt t o  increase the  th ickness  and make the  o v e r a l l  mask more impervious 

t o  ou t -d i f f us ion  o f  t h e  phosphorus. However, t he  c e l l s  produced i n  t h i s  t e s t  
. , ;, ' ?  

e x h i b i t e d  t h e  same 'contaminat ion e f f e c t  ( i  . e . ,  low shunt res is tances  and low 

e f f i c i e n c i e s ) .  

A  second method of app ly ing  t h e  d i f f u s i o n  mask was a l s o  studied:  I n  t h i s  tech- 

nique, t h e  web s t r ip ' ,  coated w i t h  t h e  baked P-type and N-type dopants, was .. - 
d ipped i n t o  t h e  S i02  s o l u t i o n  and s l o w l y  withdrawn.   his method i s  completely 

analogous t o  t h e  base l i ne  sequence method f o r  app ly ing  . . t h e  a n t i r e f l e c t i v e  

coat ing .  To ach ievd  . t h e  prdper  mask th ickness  (1  500-2000' f i )  , i t  was necessary 

t o  p u l l  t h e  web from t h e  s o l u t i o n  a t  about 30 cmlmin. ~ f t e r ' b a ' k i n ~  t o  remove 

t h e  so lvent ,  t h e  ox ide  l a y e r s  cover ing  the  dopants appeared t o  be uniform, . .  . 

f r e e  o f  cracks and c r y s t a l  1  i z a t i o n ,  and 'shou ld  f& an impermeabl'e d i f f u s i o n  

mask. 
' .,- . .  . . , '  . ,  . , .  . . .  

. . ( . ' ,  

* t i  . 
I n  t h e  f i r s t  t k s t ,  UlA ( D i f f u s i o n  ~ e c h n o l o ~ ~ ) '  Si0; w'asused:   he da'ta on t h i s  

r u n  i s  shown i n  Table 2. The c e l l  e f f l c l e n c i e s  were very  low. Several C e l l  s  

were s t r i p p e d  o f  metal  and a n t i  r e f l e c t i v e  coa t i ng  and the  'urfaces c a r e f u l l y  

mapped w i t h  a  c o n d u c t i v i t y  probe. On each c e l l  blank, smal l  areas o f  N-type 
+ . 

c o n d u c t i v i t y  were found on t h e  P s i d e  f r o n t  sur face.  These small areas were 

apparen t1y .su f f i c i en t  t o  s h o r t  o u t  t he  j u n c t i o n  causing the  low e f f i c i e n c y .  

The sheet r e s i s t i v i t y  was q u i t e  v a r i a b l e  w i t h  values. between 5 n l ~  and 300,n In .  

Th i s  i s  a  f u r t h e r  i n d i c a t i o n  t h a t  phosphorus penetrated the  f r o n t  j u n c t i o n  s ince  

values p f  30-50 n/n a re  n o r m a l l y  obtained. 

*NP-5R from Al.1 i e d  Chemical Corpora t ion  



TABLE 2 

SIMULTANEOUS DIFFUSION EXPERIMENTS CONDUCTED WITH DIFFUSION MASKS APPLIED BY DIP COATING 

Sheet 

P+ N+ D i f f u s i o n  R e s i s t i v i t y  (n/n) 
C e l l  

Run No. Dopant D o ~ a n t  Condi t ions 14 + - P + - E f f i c i e n c y  Mask 
I 

47520 B60 PXlO 950°C/20 min Var iab le  1-2% ' UlA.(Dipped) 

1800 cc/min Np 7-9 (5-300) (2000 1 Th ick )  

50845 B60 P X l O  950°C/20 min 10-20 50-200 1-2%' NP-5R (Dipped) 

50846 B60 PXlO 950°C/20 min 5-20 50-200 1-3% , NP-5R (Dipped.) 

(2000 h Thick)  



E s s e n t i a l l y  s i m i l a r  r e s u l t s  were obta ined on the  l a s t  two experiments i n d i c a t i n g  

t h a t  t he  SiOe glasses were n o t  adequate d i f f u s i o n  masks. 

Based on t h e  da ta  f rom experiments i n  t h e  f i r s t  p a r t  o f  t h i s  i t  has 

become obvious t h a t  t h e  d i f f u s i o n  masks being used a re  n o t  capable o f  p revent ing  

t h e  o u t - d i  f f u s i o n  o f  phosphorus and subsequent contaminat ion of  t h e  P+ sur face.  

The problem may be due t o  the  ma te r ia l  being used, i t s  method o f  a p p l i c a t i o n ,  

t h e  method o f  forming t h e  g lass,  t he  method o f  use, o r  some combinat ion o f  the  

above. I n  any case, new approaches a r e  mandatory t o  achieve . . s imultaneously 

d i f f u s e d  j u n c t i o n s  w i t h o u t  cross-doping. . 

~ h e s e  new approaches and some i n i t i a l  r e s u l t s  a r e  g iven i n  thr, f o l l o w i n g  sec t ion .  

2. New Approaches t o  Simultaneous Junc t i on  Formation 

a .' Lower Temperature D i f f u s i o n  

The phase diagram* o f  t h e  S ~ O ~ - P ~ O ~  system shows t h a t  P205 forms a l i q u i d  i n  

S i02  a t  temperatures s l i g h t l y  below 1000°C. Th is  suggests the  p o s s i b i l i t y  

t h a t  a t  960°C t h e  phosphorus has s u f f i c i e n t  m o , b i l i t y  t o  ou t -d i f fuse  through 

t h e  mask and onto t h e  f r o n t  sur face.  Accordi nq l  y.  experiments were conducted 

i n  which t h e  d i f f u s i o n  temperature was reduced by about 100°C t o  reduce the  

phosphorus mobi 1 i t y .  I 

The f i r s t  exper.iment was conducted us ing  a d i f f u s i o n  temperature o f  860°C f o r  

60 minutes. T h e o r e t i c a l l y ,  these cond i t i ons  should produce a BSF o f  about 

0.3 vm and a f r o n t  j u n c t i o n  o f  0.15 pm - bo th  s i g n i f j c a n t l y  more shal low than 

des i red .  However, i t  was f e l t  t h a t  t h e  experiment would produce, in fo rmat ion  

regard ing  t h e  m o b i l i t y  o f  phosphorus. It would a l s o  a f fo rd  an oppor tun i t y  t o  

determine I V  c h a r a c t e r i s t i c s  o f  a c e l l  w i t h  shal low junc t i ons .  

A second experiment was then conducted w i t h  the  d i f f u s i o n  temperature increased 

s l i g h t l y  t o  870°C w i t h  t h e  d i f f u s i o n  t ime he ld  f i x e d  a t  60 minutes. I n  t h i s  

% .  

7 

*T. Y .  Tein and F. A .  Hummel , J. Am. Ceram. Soc., 4s ' [9]  424, 1962. 



experiment, t he  d i f f u s i o n m a s k  th ickness was increased ' f rom 1500 8 t o  2000 1 
. t o  determine i f  t h e  th icker .mask was more impervious ' to,  t he  phosphorus. 

A f t e r  the  d i f f u s i o n  step, c e l l  processing was completed us ing  the  base l i ne  

sequence. The I V  p r o p e r t i e s  o f  t he  c e l l s  were e s s e n t i a l l y  t he  same as i n  

previous simultaneous d i f f u s i o n  e x p ~ r i m e n t s ,  i .e., low open c i r c u i t  vo l t age  
2 

and low e f f i c i e n c y .  A l l  c e l l s  had a l'ow shunt '  r es i s tance  o f  l e s s  than 100 ncm . 

To f u r t h e r  analyze the  c e l l s ,  t he  contac t  metal and a n t i r e f l e c t i o n  coa t i ng  

were removed from several  c e l l s  i n  each run. The f r o n t  surface o f  t he  c e l l s  
I , 

was mapped w i t h  a c o n d u c t i v i t y  probe showing smal l  areas of N-type m a t e r i a l  

1 .  which cou ld  a c t  as a shunt lead ing  t o  t h e - l o w  Voc and low e f f i c i e n c y .  

I t  should be,noted t h a t  t h e  f i r s t  low temperature experiment was conducted i n  a 

newly cleaned d i f f u s i o n  tube which was . tes ted  and found f ree o f  contaminat ion. 

Since the  c e l l s  produced from t h i s  run  had s i m i l a r  f r o n t  sur face N-type areas 

as those i n  prev ious simultaneous j u n t t i o n  experiments, i t  i s  concluded t h a t  

the  source of t h e  noted c o n t a d n a t i o n  i s  n o t  t he  d i f f u s i o n  tube. 

l i  

Tab?e 3 summarizes r e s u l t s  of the  low temperature d i f f u s i o n  experiments a long 

w i t h  o the r  experiments descr ibed below. 

b.. Arsenic D i f f u s i o n  
. . 

A r s e n i c , i s  a much slower d i f f use r  than phosphorus. Therefore, a simultaneous 
i t 

d i f f u s i o n  can be c a r r i e d  ou t  a t  950°C-960°C which w i l l  g i v e  the  requ i red  P N 

j u n c t i o n  depth of  0.2-0.3 urn. A t  t h i s  telnperature, t he  As doped back N'N 

j u n c t i o n  should be 0.3-0.4 pm deep. 

For t he  f i r s t  experiment w i t h  the  new doping species, an arsen ic  doped l i q u i d  

precurcnr ,  AS-120, was used. This  m a t e r i a l  was obta ined from A1 1 i e d  Chemical 

and i s  an arsen ic  compound i n  e thy l  a1 coho1 . . . 



TABLE 3 

SIMULTANEOUS OIFFUSION EXPERIMENT SUMMARY ' 

\ 

Sheet 
R e s . i s t i v i t y  

Dopants 
D i f f u s i o n  (nla) - C e l l  

Run I D  ' - N+ - P+ Condi t ions - N+ - pt E f f i c i e n c y  Mask / 
Resul ts 

' 50849 PX-10 6-60 ~ 860°C/60 min 20-60 3-60 Low Voc - 500 - U l A  Dipped Low Voc (c?O m ~ )  precluded 
(N-base web) 1000 cc lmin PI, <1% 500°C Bake any e f f i c i e n c y  meas. 

L 

50850 PX-10 C i l  . B-60 870°C/60 min' 20-203 30-300 < I %  2000 8 - U1A Dipped Voc s l i g h t j y  h igher  b u t  
(N-base web) (50150) 1000 cc lmin N, LOO°C Bake poor c e l l  s 

200 cc/min 0: 

d 

49252 As-120 O i l .  'B-60 950°C/20 min 50-200 Var iab le   ax. 3% 1500 8 - U1A Dipped Max. Voc = 300 mV + 

(N-base web) (50150) 1000 cc/min N ,  45-250 EOO°C bake Some s t r i p s  showed N 
180 cc/min 0:. contami na t ion .  

0 

49253 PX-10 5-60 SE0°C/20 mirn 60-100 100-300 Mx. 8% 1500 A - U1A Dipped Av Voc = 480 mV 
(P-base web) 13GO cc/min Nz 300°C Bake Av Jsc =. 2E mA/crn 

180 cc/min D2 Low FF 
E f f i c i e n c y  5-8% 



. , I 
The arsen ic  dopant was .app l ied  i n  t he  same manner as the  PX-10 used i n  fhe  

e a r l  i e r  experiments. : A f t e r ,  appl  i c i t i o n ,  i t  was' d r i e d  under a  heat 1  amp at 90°C 

'and then  baked a t  200°C i n  air f o r ,  20 minutes. The S i O Z  d i f f ~ s i ' o n  mask was 

appl i e d  over  ' the .baked dopant. . . .. . 

Row' 3  i n  Table 3  g ives  data on the  f i r s t  a rsen ic  experiment together  w i t h  c e l l  

data a f t e r  base1 i ne processing . 

The c e l l s  had low e f f i c i e n c i e s ,  and most o f  t h e  ce l l ' s  had open c i r c u i t '  vo l tages 

of l e s s  than 100 mV. However, a  number o f  c e l l s  had an open c i r c u i t  vo l tage 
' 

. . 

above 300 mV and e f f i c i e n c i e s  o f  about 3%. A l l  c e l l s  showed a  low shunt r e -  
2  s i s tance  from 40 t o  200 ncm . 

t 

Representat ive c e l l s  from t h i s  run  were s t r i p p e d  of  metal  and AR coat ing .  On 
+ 

these c e l l s ,  o n l y  a  few small areas o f  N+ c o n d u c t i v i t y  were found on the  P 

surface. Since t h i s  technique showed somewhat l e s s  contaminat ion, f u r t h e r  

t e s t s  w i  11 be made. 

c.. ' Simultaneous D i f f u s i o n  of P-Type Web 
.>.- 

Throughout t h i s  program, emphasis has been placed' '  on the  si'mul taneous d i f f u s i o n  

o f  N-type web. With N-type web, the  back N+N j u n c t i o n  (doped w i t h  f a s t  d i f -  
I 

f u s i n g  phosphorus) can be d i f fused deep i n t o  the  .web w h i l e  ach iev ing  a  shal low 
+ 

f r o n t  P N j u n c t i o n  (doped w i t h  slower d i f f us ing  'boron)  .' 

Several experlments hdve r e c e n t l y  been c a r r i e d  o u t  w i t h  P-type web. To r e t a i n  

t h e  shal low f r o n t  j u n c t i o n  6 0 . 3  urn), t h e  d i f f u s i o h  .wa& car r ' ied  ou t  a t  ~ 8 6 0 ° C  * '  

and thus t h e  back j u c n t i o n  (boron doped) i s  ext remely shal low r e s u l t i n g  i n  a  

poorer  back surface f i e l d .  However, i t  has been pos tu la ted  t h a t  by us ing  lower 

r e s i s t i v i t y  m a t e r i a l ,  reasonable c e l l  performance cou ld  be achieved. 

Row 4  of  Table 3 g ives  data or) one o f ,  these runs. 

2  
The P-base c e l l s  e x h i b i t e d  a  low average Voc (480 mV) and Jsc (26 mA/cm ) .  , 

The fill f a c t o r  v a r i e d  from 0.40-0.60, and the  e f f i c i e n c i e s  v a r i e d  from 5% 

t o  8%. 



Dark I V  data was obta ined on two se lec ted  P-base. s imul taneously d i f f u s e d  
2 c e l l s .  Both c e l l s  had e x c e l l e n t  shunt res is tances  - i n  excess of 100 kncm . 

2 2 However, t he  s e r i e s  r e s i s t a n c e  o f  t h e  c e l l s  was 60 ncm and 73 s2c111 r e s p e c t i v e l y .  

Such'a l a r g e  s e r i e s  r e s i s t a n c e  c a n n o t b e  t o t a l l y  ohmic s ince  i t w o u l d  reduce 

Jsc t o  n e a r l y  zero. 

To determine i f  t h e  1  arge measured res i s tance  might  be due t o  a  S c h o t t k e ~  
, , 

b a r r i e r  on t h e  back 'sur face,  a p o r t i o n '  o f  t h e  back m e t a l l i z a t i o n  was removeb 

and a  Ga-In c o n t a c t  app l ied .  ' (The Ga-In e u t e c t i c  a l l o y  i s  known t o  make ohmic 
, . 

c o n t a c t  t o  h i g h  r e s i s t i  "ity P-type m a t e r i a l  . ) Th is  t reatment  increased the  

Voc by  20 mV and increased t h e  e f f i c i e n c y  by I%, 

. . 

.The same e f f e c t  was noted when the '  back sur face was damaged by sandblast ing.  

The Voc o f  these c e l l s  a l s o  increased by 20-30 mV w i t h  about a 1% abso lu te  

e f f i c i e n c y  increase.  

. . 

These data  show t h p t  a t  t h e  860°C d i f f u s i o n  tempe'ra'ture, t he  b o r o n  doped 

j u n c t i o n  was q u i t e  sha l low aqd the  m e t a l l i z a t i o n  formed a  Schottkey b a r r i e r  

on t h e  back sur face.  The ' b a r r i e r  caused an anomolously h igh  se r ies  res is tance.  

F u r t h e r  t e s t s  w i l l  be c a r r i e d  o u t  i n  an at tempt t o  improve the  back meta l ' l i za-  

t i o n  con tac t  r q s i  s tancc; 

. . . . 
3. Sequent ia l  D i f f us ion  i n  N-Type Web . 

I n  p rev ious  r e p o r t s ,  i t  was shown t h a t  t h e  sequent ia l  ' d i f f u s i o n  of boron, and I 

phosphorus i n t o  N-type web pror l~,~ced c e l l s  w i t h  e f f i c i e n c i e s  equal ,  t o  the base-, 
. , 

1  i ne P- type web. 
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. 1 ; ~on t inue :  experiments wi th;  As a s  ' t h e  N .  dopant . . . . .  

. . . .  . . . .  . . .  . . . .  . . .  . . . .  . ' 1  , , ' .. . . .  . . .  . . , . . . .  . . .  . . . ' .: ' ' - .  :. . '- . . . . 1 .  , . 

2. Ca r ry  o i r t  k imul t a n e b i i s - ' d i f f i i i o n  ' ~ x p e r i i n e n t i ~  o n  ~ - t ~ ~ b '  wehiwhere the' back 

:surface w i l l  be damaged t o  assure ohmic contact.  , 



E. PROGRAM DOCUMENTATION 'AND DEL IVERABLES STATUS 

All programmatfc and technical documentation specified in the sub.ject contract. 

(95661 6)  have been prepared and submitted in accordance with cqntraet sehedul a r  

requirements. Table 4 summarizes submittal s t a t u i o f  a1 1 routine r e p o r t s  
(financial  and monthlylquarterly technical reports) .  Table 5 summariggs sub- 

mittal  s ta tus  of contract required documentation. All milestones scheduled 
t o  date have been met as shown on the Program Milestone Chart, Figure 3; 

. . 



TABLE, 4 

ROUT'I NE PROGRAM DOCUMENTATION SUBMITTAL STATUS 

I tem 

MONTHLY TECHNICAL REPORTS . . .  . 

.A. November 1983 

B. January 1984 

C.  ~ e b r u a r ~  i 984  : , . 
. . 

6; - ~ ~ r i 1 ' 1 9 8 4  

E .  . May 19'84 . 

FINANCIAL MANAGEMENT REPORTS 

A .  November 1983 

B. December 1983 

C .  January 1984 

6. . February 1984 

. March 1984, 

F. . A p r i  1 1984' 

G. May 1984 1 

3. QUARTERLY. PROGRESS REPORTS 

A. No. 1 

B. No. 2. 

C. No. 3 ' . .  ' 

~ecember  12, 1983 

February 8, 1984 
t 

March 15, 1984 ' 

May 15, 1984 

June 15, 1984 

~ e c e m b e r  12, 1 4 3  

January 20, 1984 

February 15, 1984 

March 21 , 1984 

A p r i l  23, '1984 

May 18, 1984 

'June 22, 1984 

January 15, 1984 

A p r i l  15, 1984 . 

. J u l y  15, 1984 



TABLE 5 

SUMMARY PROGRAM DOCUMENTATION STATUS 

. . 

. . a  I n i t i a l  Base1 i n e  Cost Est imate 1. November. 17, 1983 

Program Plan November. 17 ,' 1983 
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